The broadband spectral energy distribution (SED) of blazars show significant curvature. In this paper, we study the curvature properties for a large sample of Fermi /LAT bright blazars based on quasi-simultaneous SED. Both SEDs of synchrotron and inverse Compton (IC) components are fitted by a log-parabolic law in log ν-log νf ν diagram. The second-degree term of log-parabola measures the curvature of SED. We find a statistically significant correlation between synchrotron peak frequency and its curvature. This result is in agreement with the theoretical prediction, and confirms previous studies, which dealt with single source with various epoch observations or a small sample. If a broken power-law is employed to fit the SED (spectral indexes α 1 and α 2 , before and after the peak frequency, respectively), the difference between the two spectral indexes (i.e., |α 2 − α 1 |) can be considered as a "surrogate" of the SED curvature. We collect spectral parameters of a sample blazars from literature, and find a correlation between the synchrotron peak frequency and the spectral difference. We do not find a significant correlation between the IC peak frequency and its curvature, which may be caused by complicated seed photon field. It is also found that the synchrotron curvatures are on average larger than that of IC curvatures, and there is no correlation between these two parameters. As suggested by previous works in literature, both the log-parabolic law of SED and above correlation can be explained by statistical and/or stochastic particle accelerations. Stochastic particle acceleration predicts a different slope of the correlation from that of statistical one, and our result seems favor stochastic acceleration mechanisms and emission processes. Some of other evidences also seem to support that the electron energy distribution (and/or synchrotron SED) may be log-parabolic, which include 1 Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chinese Academy of Sciences, 80 Nandan Road, Shanghai 200030, China; chenliang@shao.ac.cn 2 Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University)Ministry of Education, Nanjing 210093, China -2 -SED modeling, particle acceleration simulation, and comparisons between some predictions and empirical relations/correlations.
Introduction
As early as 1970s, people noted that the non-thermal spectra of blazar show significant curvature. Rieke & Kinman (1974) found the infrared (IR) spectrum is significantly flatter than that of optical for OJ 287. Many other blazars, like BL Lacertae, 0735+178, ON 231, B2 0912+29, B2 1215+30, and AO 0253+164 also present similar properties (Rieke & Kinman 1974; Odell et al. 1977; Sitko et al. 1983) . Ghisellini et al. (1986) claimed that there is apparent difference between slopes of IR and ultraviolet (UV), with a mean value of ∆α = 0.49 ± 0.14 (see also, Brown et al. 1989) . Blazar SED shows more clear curvature and some present significant breaks, when combine broadband emissions (radio through Xray bands, Ledden et al. 1981; Ledden & Odell 1985; Brodie et al. 1987) . Further researches revealed a component on blazar SED from radio to UV/X-ray bands in log ν-log νf ν diagram, which is widely interpreted as synchrotron emissions of high energy electrons in a relativistic jet closely aligned to our line of sight (see e.g., Blandford & Rees 1978; Landau et al. 1986; Urry & Padovani 1995; Sambruna et al. 1996; Ghisellini et al. 1989 Ghisellini et al. , 1998 . Some high energy detectors have broad energy coverage, e.g, BeppoSAX covering 0.1-300 keV (LECS: 0.1-10 keV, MECS: 1.3-10 keV, and PDS: 13-300 keV). And hence, with observations of some of the telescopes alone, blazar SEDs are found to be curved, some of which can be fitted by a log-parabolic law. For instance, X-ray observations of Mrk 501 and Mrk 421 (see, Massaro et al. 2004a Massaro et al. ,b, 2008 , and references and citations therein), together with several other BL Lacs (PKS 0548-322, 1H 1426+418, 1ES 1959+650, and PKS 2155 see, Massaro et al. 2008) show that X-ray spectra can be fitted by log-parabolic law, i.e., log νf ν = −b (log ν − log ν p ) 2 + log ν p f νp . Massaro et al. (2011a) studied a sample of highfrequency-peaked BL Lac objects (HBLs), and found that X-ray spectral curvature (measured by the second-term b) of TeV HBLs are systematically larger than that of those HBLs non-detected at TeV energies (NBL), implying that the NBL X-ray spectra are systematically narrower (see also, Massaro et al. 2013) .
For the first time, BL Lac object Mrk 421 was detected by Whipple emitting γ-ray photons at TeV band (Punch et al. 1992) . Thanks to development of many ground based Cherenkov telescopes (e.g., Whipple, MAGIC, VERITAS, H.E.S.S., CANGAROO), more than 50 blazars have now been discovered bearing TeV γ-ray emissions (see, http://tevcat.uchicago.edu).
At GeV γ-ray band, CGRO/EGRET successfully detected 68 AGNs with significance σ > 5 (working at 20 MeV -30 GeV, most of them are blazars, Hartman et al. 1999) . As a successor, Fermi /LAT works between 20 MeV -300 GeV, which was launched at June 2008. During the first 11 months survey of Fermi /LAT, 671 AGNs were detected with high confidence level at high Galactic latitude (|b| > 10
• , σ > 5, and most of them are blazars, see Abdo et al. 2010c ). The number increases to 1017, through first two years survey of Fermi /LAT (Ackermann et al. 2011) . Based on these γ-ray observations, another component on blazar SED was discovered, peaking at γ-ray band. These γ-ray emissions are usually explained as inverse Compton emissions (IC) of the same electron population accounting for the synchrotron component emissions (see, Ghisellini et al. 1998 Ghisellini et al. , 2010 Abdo et al. 2010b , and references therein). Many blazars observed by Fermi /LAT alone present curved γ-ray spectra and some can be well fitted by a log-parabolic law (see, e.g., Ackermann et al. 2011 ). Higher energy observation of some balzars (e.g., PKS 2155-304, Mrk 501, Mrk 421, see, Aharonian et al. 2007; Ghisellini & Tavecchio 2008; Samuelson et al. 1998; Krennrich et al. 1999; Aleksić et al. 2012) by Imaging Atmospheric Cherenkov Telescopes (IACT) show substantial curvature at TeV band, and some can also be fitted by log-parabolic law. If combine the GeV data with those of TeV, the spectra present more significant curvature (see, Abdo et al. 2009c; Zhang et al. 2012; Şentürk et al. 2013 ).
To characterize a broadband peaked component, one needs at least two parameters: peak frequency and peak flux/luminosity. These two parameters are extensively used in blazar studies, especially in the so called balzar sequence (see e.g., Fossati et al. 1998; Ghisellini et al. 1998; Chen & Bai 2011; Giommi et al. 2012) . If log-parabolic law is adopted to fit the peaked component, i.e., log νf ν = −b (log ν − log ν p ) 2 + log ν p f νp , the second-term b measures the curvature around the SED peak, which is the third important parameter to characterize the component. Using multi-epoch observations of Swift, XMM-Newton, and BeppoSAX, it was found that each observational X-ray spectra of Mrk 421 can be well fitted by a log-parabolic law, and an anti-correlation between the peak frequency ν p and the curvature b is discovered (see, Massaro et al. 2004a; Tramacere et al. , 2009 ). Further, Massaro et al. (2008) extend the study to several other BL Lacs, e.g., Mrk 501, PKS 2155-304, PKS 0548-322, and found that all these BL Lacs present similar behavior: an anti-correlation between the peak frequency ν p and the curvature b. As expected by previous theoretical investigations, the anti-correlation between peak frequency and curvature can be explained in the framework of acceleration processes of emitting electrons (see, Paggi et al. 2009b ,a, and the Section 2 in this work). More detailed study on this third parameter, the curvature, is necessary to understand the particle acceleration, and energy dissipation mechanism in blazars.
Besides the high energy study, low energy observations from radio to optical also il-lustrate a similar feature. For example, Landau et al. (1986) fitted the SED from radio to optical with a log-parabolic law of a sample of 18 balzars. Except for 3 bad fitted or steep radio spectral blazars, they found an anti-correlation between peak frequency and curvature for the remaining 15 blazars (see the top panel of Fig. 3 in Landau et al. 1986 ). In the past nearly three decades, many large samples of blazars were used to study the properties of the peak frequency, luminosity, and jet emission parameters (see, Sambruna et al. 1996; Fossati et al. 1998; Ghisellini et al. 1998; Nieppola et al. 2006; Chen et al. 2009; Wu et al. 2009; Ghisellini et al. 2010; Abdo et al. 2010b; Chen & Bai 2011) . However, few works focused on the curvature properties by using broadband SEDs. Until recently, Rani et al. (2011) presented an anti-correlation between synchrotron peak frequency and curvature by fitting the SEDs from radio to optical of 10 BL Lacs in both high and low states.
In this paper, we collect quasi-simultaneous broadband SEDs, from radio to γ-ray, of a large sample of blazars. Both SEDs of synchrotron and IC components are fitted by logparabolic law in log ν-log νf ν diagram, respectively, and we obtain the synchrotron and IC curvatures. We then present detailed studies on the correlations between the peak frequency and curvature, and implications of the results. This paper is organized as follows: Section 2 shows the theoretical interpretation of the correlation between the peak frequency and curvature. Section 3 describes the sample, and Section 4 shows the fitting procedures. After providing the results in Section 5, the detailed discussions and implications of the results are presented in Section 6. We end with a summary of the findings in Section 7. Throughout the paper, a ΛCDM cosmology with values within 1σ of the Wilkinson Microwave Anisotropy Probe (WMAP) results (Komatsu et al. 2011 ) is used; in particular, H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.73, and Ω M = 0.27.
Theory of the Correlation
Two different scenarios can explain the correlation between peak frequency and curvature, i.e., statistical and the stochastical acceleration mechanisms, both of which can reproduce the electron energy distribution as a log-parabolic law. A log-parabolic distribution of electron energy also emits a log-parabolic SED approximately, which consists with the fitting methods (see, Massaro et al. 2004a Massaro et al. ,b, 2006 Massaro et al. 2008; Tramacere et al. 2011, and references therein) . In the following, we will explain the difference between these two acceleration mechanisms, that will be tested with our results in this work.
The first scenario is in the framework of statistical acceleration, which needs either an energy-dependent acceleration probability (p a ) or a fluctuation of fractional acceleration gain (ε). For the case of energy-dependent acceleration probability, Massaro et al. (2004a) showed that when acceleration efficiency is inversely proportional to the energy itself (p a = g/γ q and ε = cons. in this case), the log-parabolic law would be a very good approximation of the electron energy distribution,
Where γ 0 is initial electron energy, r = q/(2 log ε) is curvature of electron energy distribution, and s = −2r/q log(g/γ 0 ) − (q − 2)/2. The SED of synchrotron emissions by these electrons is also approximately log-parabolic, i.e., log νL ν = −b sy (log ν − log ν p ) 2 + log ν p L νp . With monochromatic emission assumption (i.e., δ-approximation), one can derive the synchrotron peak frequency ν p ∝ γ 2 p and curvature b sy = r/4, where log γ p = log γ 0 + (3 − s)/2r is the peak energy of electron in diagram log γ-log γ 3 N(γ). As suggested by Massaro et al. (2006) , one obtains b sy ≈ r/5 instead of b sy = r/4, when release the assumption of δ-approximation. After substituting the γ p , s and r, we obtain log ν p = C +2 log γ 0 +(3−s)/r = C + 2 log γ 0 + 2/q log(g/γ 0 ) + log ε + 2/r. Assuming that γ 0 , q, g, and ε are independent variables and substituting the relation b sy ≈ r/5, we get log ν p ≈ C 1 + 2/(5b sy ). For the case of fluctuations of fractional acceleration gain, Tramacere et al. (2011) showed that when ε is a random variable around a systematic energy gain ε (p a = 1 and ε = ε + χ in this case, where random variable χ has a probability density function with zero mean value and variance σ 2 ε ), applying the multiplicative case of the central limit theorem, one derives the electron energy distribution at acceleration step n s ,
Where σ
. Therefore, the electron peak energy and curvature in diagram log γ-log γ 3 N(γ) can be derived: log γ p = log γ 0 + n s log ε + 3/(4r) and r = ln 10/ [2n s (σ ε /ε) 2 ]. Substituting the relation b sy ≈ r/5 and γ b , we have log ν p ≈ C + 2 log γ 0 + 2n s log ε + 3/(10b). Assuming that γ 0 , n s , ε and σ ε are independent variables, we obtain log ν p ≈ C + 3/(10b sy ).
The second scenario is in the framework of stochastic acceleration, provided the FokkerPlanck equation with presence of a momentum-diffusion term. Kardashev (1962) suggested that a log-parabolic distribution of electron energy can be derived from a 'quasi-'monoenergetic particle injection (i.e., N inj (γ) ≈ N 0 δ(γ − γ 0 ), see also Tramacere et al. , 2011 ,
Where a 1 and a 2 correspond stochastic and systematic acceleration terms, respectively. When represented in diagram log γ-log γ 3 N(γ), we obtain the curvature r = ln 10/4a 1 , and the electron peak energy log γ p = log γ 0 + 5a 1 / ln 10 + a 2 / ln 10 = log γ 0 + a 2 / ln 10 + 5/(4r). Assuming that γ 0 , a 1 and a 2 are independent variables and substituting the relation b sy ≈ r/5 and γ p , we have log ν p ≈ C + 1/(2b sy ).
The Sample
Abdo et al. (2010b) collected broadband quasi-simultaneous spectral data, from radio through γ-ray, of 48 LBAS (Fermi LAT Bright AGN Sample, see Abdo et al. 2009a ) blazars based on the first three months operation of Fermi /LAT. All these data are properly scaled in log ν-log νf ν diagram. The 48 LBAS blazars are taken as our sample in this paper, and the detailed information of these blazars are presented in Table 1 . Column (1) provides the Fermi /LAT name of the source. Column (2) is the source redshift. The broadband spectral data of these blazars are also taken from Abdo et al. (2010b) . Figure 6 in the Appendix are the SED of these 48 blazars. The red points are the broadband quasi-simultaneous spectral data, while the grey ones represent other observations (see, Abdo et al. 2010b , for detail description).
The Fitting Procedure
In order to get the curvatures of synchrotron and IC components, we adopt a logparabolic law, i.e., log νf ν = −b (log ν − log ν p ) 2 +log ν p f νp , to fit the quasi-simultaneous SED of the two components, respectively (same as in Landau et al. 1986; Sambruna et al. 1996; Massaro et al. 2004a,b; Nieppola et al. 2006; Wu et al. 2009; Massaro et al. 2008; Rani et al. 2011; Massaro et al. 2011a) . The coefficient of the second degree term, b sy /b IC , measures the curvature around the peak. The least χ 2 technique is used to determine the parameters. For some blazars, there are no quasi-simultaneous data (the red points in the Figure 6 ) at radio or microwave bands to constrain the lower energy part of synchrotron fitting. We add other observation data (i.e., the grey points) in the fitting. For some data points, the errors are unavailable. We estimate the errors with average errors of those data points whose errors are available. Since the errors of the data for the synchrotron component are usually much smaller than that for the IC component, we derive the average errors of the data in the two components separately. The best fitting parameter values are listed in Table 1 . Columns (3), (4), (5), (6), and (7) are the (for synchrotron fitting) peak frequency, flux, curvature, the degree of freedom, and the reduced χ 2 , respectively. Columns (8), (9), (10), (11), and (12) denote the same quantities but for IC fitting.
In order to test the validity of our fitting parameters, we compare the peak fluxes and peak frequencies between ours and those obtained from Abdo et al. (2010b) by fitting a third degree polynomial function for both SEDs of synchrotron and IC components, respectively. The comparison results are shown in Figure 1 . The top left panel is for synchrotron peak frequency comparison, top right for synchrotron peak flux comparison, bottom left for IC peak frequency comparison, and bottom right for IC peak flux comparison. The red lines are the best linear fits. The Pearson test shows that they are all tightly correlated, with Pearson's probability for a null correlation negligible (p = 1.14 × 10 −24 , 3.81 × 10 −19 , 2.24 × 10 −18 , and 4.23 × 10 −18 for synchrotron peak frequency comparison, synchrotron peak flux comparison, IC peak frequency comparison, and IC peak flux comparison, respectively). Therefore, our log-parabolic fittings present similar parameter values as that of Abdo et al. (2010b) .
The synchrotron fitting curves of total 48 blazars are plotted as red solid lines in Figure  6 in Appendix. We check all the fitted SEDs (one by one) by naked eyes. From these Figures, it can be seen that the X-ray emissions of 14 blazars belong to the synchrotron components (see Figure 6 and Table 1 for the name list). The IC components of these blazars cover only γ-ray band, and therefore the IC fitted parameters may be unreliable because of the narrow SED coverage. These 14 IC fitted curves are plotted as red dashed lines in the Figure 6 . For blazars J0238.6+1636, J0538.8-4403, J2254.0+1609, and J2345.5-1559, it can be seen that the fitted spectra at Fermi γ-ray band are much harder than the observed spectra. These 4 IC fitted curves are plotted as red dotted lines. For blazars J1719.3+1746 and 2202.4+4217, there are no observational data at the right wing of IC component, and therefore the fitted curvatures (b IC ) may be unreliable. In fact, the value of b IC of these two blazars are significantly smaller than that of others (see Table 1 ). These two IC fitted curves are also plotted as red dashed lines. Because of above reasons, we exclude these 20 (= 14 + 4 + 2) blazars in the following analysis concerning the IC component. The IC fitted curves of remaining 28 blazars are presented as red solid lines. Among these 48 blazars, 43 sources have measured redshifts (see Table 1 ). The peak luminosities and frequencies (in AGN frame) can be calculated through
, where d L is the luminosity distance and z is the source redshift. In the following analysis, all values (e.g., peak frequency and curvature) are indicated in AGN frame, noticing that the curvature b is unchanged when transform from observational to AGN frames.
The Results
From Table 1 , we can see that the value of synchrotron curvature b sy varies between 0.056 and 0.27. The range of the value is larger than that of any previous studies (see , Landau et al. 1986; Massaro et al. 2004a Massaro et al. ,b, 2008 Rani et al. 2011; Massaro et al. 2011a ). We plot the synchrotron curvature versus peak frequency in Figure 2 . Here we use 1/b sy instead of b sy to represent the synchrotron curvature, since it will be convenient to compare with the theoretical results (see Section 2). The black squares denote these 43 balzars having measured redshift. The Pearson test presents a small p-value, p = 1.35 × 10 −17 . The red solid line is the best linear fitting, which gives 1/b sy = −(22.08 ± 0.43) + (2.04 ± 0.03) log ν sy p and the dashed red lines indicate the 1σ confidence bands. Hence, the synchrotron peak frequency correlates with its curvature at a high level of confidence.
Among these 28 blazars whose IC curvatures are well estimated, 26 blazars have measured redshift. Similar to the synchrotron one, we plot the IC peak frequency versus IC curvature in Figure 3 . The black squares denote these 26 blazars. The Pearson test shows a very weak correlation, with p-value p = 5.16 × 10 −2 , which is mainly contributed by the object J1504.4+1030 (the red point in the Figure 3 , through jackknife statistical test 1 ).
Discussion and Conclusions
Blazars are observationally subdivided into flat spectrum radio quasars (FSRQs) and BL Lacertae objects (BL Lacs), based on presence or absence of emission lines (see, Scarpa & Falomo 1997) . Our sample includes 48 blazars, in which 43 sources have measured redshift. The sample is not large enough to separate them into various subclasses, e.g., FSRQs versus BL Lacs. FSRQs and BL Lacs show continuous properties, although they are divided by some criterions (e.g., the equivalent width of emission line ≷5Å, the Eddington ratioṁ ∼ 0.01, see Scarpa & Falomo 1997; Ghisellini et al. 2009; Xu et al. 2009 , and references therein). Nowadays when discuss Fermi /LAT detected blazars, the terms Low Synchrotron Peaked blazars (LSP), Intermediate Synchrotron Peaked blazars (ISP) and High Synchrotron Peaked blazars (HSP) are often used instead of FSRQs and BL Lacs (see, e.g., Abdo et al. 2010b,c) .
Because of possible importance of the correlation between the synchrotron peak frequency and curvature (see Section 2), many works have studied the correlation (Massaro et al. 2004a; Tramacere et al. , 2009 Massaro et al. 2008; Landau et al. 1986; Rani et al. 2011 ). These works are based on either the X-ray data of single sources or small samples using data from radio to optical. In this paper, we study the correlation using a sample of 48 blazars, whose broadband quasi-simultaneous SEDs are from radio to γ-ray. The correlation between the synchrotron peak frequency and curvature depicted in this work confirm the results of these previous works.
As an alternative to log-parabolic fitting, a broken power-law of electron energy distribution is commonly used to fit the SED in both synchrotron self-Compton (SSC) and external Compton (EC) models (see e.g., Tavecchio et al. 1998; Böttcher & Dermer 2002; Georganopoulos & Kazanas 2003; Ghisellini et al. 2005; Bai 2005; Abdo et al. 2009b Abdo et al. , 2010a Chen et al. 2012 , and references therein). Therefore, if the above correlation between the peak frequency and curvature is genuine, there should be a similar correlation even a broken power-law is employed to fit SED. From electron energy distribution to blazar SED, the spectral indexes transform as α 1,2 = (p 1,2 − 1)/2 approximately, where p 1 and p 2 are electron energy indexes below and above the break. In this case, the difference between the spectral indexes (i.e., |α 2 − α 1 | = |p 2 − p 1 |/2) can be considered as a "surrogate" of the curvature (b sy ), and one expects a correlation between synchrotron peak frequency and this "curvature". We collect the data of 24 blazars (at both high and low states) from Zhang et al. (2012) to test the correlation, which are plotted in Figure 4 (similar to 1/b sy , here we use 1/|α 2 −α 1 |). The visual inspection shows a positive correlation between these two quantities, if excluding two obviously departure points (marked as green triangle and blue star). The green triangle represents high state of Mrk 501. From the Fig. 1 of Zhang et al. (2012) , it can be seen that there are no spectral data above the synchrotron peak to constrain the spectral index (α 2 /p 2 ), and the index adopted by the authors is significantly larger than that at lower state (p high 2 = 4.6 versus p low 2 = 3.72, see Table 1 of Zhang et al. 2012 ). The blue star represents the high state of PKS 2005-489, whose SED fitting is not very good: the value of synchrotron peak may be underestimated and the value of spectral index below the synchrotron peak may be overestimated (see the Fig. 1 of Zhang et al. 2012) . For these reasons, we exclude these two points. The Pearson's test yields a significant correlation with p = 5.35 × 10 −5 . Therefore, even a broken power-law is employed to fit SED, there is also a correlation between the "curvature" and the synchrotron peak frequency. Although there are different mathematic functions to describe blazar SED (log-parabolic law versus broken power-law), these two correlations represent an identical property of blazar SED. ∝ γ p for KN scattering, respectively. As discussed in Section 2 (see also, Paggi et al. 2009b,a) , the peak energy of electron (γ p ) correlates with the synchrotron curvature (b sy ). We therefore expect a correlation between SSC peak frequency and curvature at Thomson or KN regimes. For the first time, we study the relation between the IC peak frequency and curvature from observational view, while our results present no significant correlation with a chance probability only p = 0.0516. This is due to the following reasons:
• The IC component is sometimes a composite of SSC and EC emissions.
• The IC emission may lie at Thomson regime for some blazars, while others are at KN regime.
• The intrinsic spectrum of a single IC scattering is broader than the intrinsic synchrotron spectrum of a single electron (see, Figures 6.6 versus 7.3 in Rybicki & Lightman 1979) , and the SED of seed photons are usually very broad.
These reasons will significantly broaden the SED of IC component, and the value of IC curvature is more uncertain relative to the synchrotron one. We note that these reasons lead to another two predictions. Firstly, the synchrotron curvature (b sy ) would be on average larger than that of IC component (b IC ) at Thomson regime. Secondly, there would be very weak or no correlation between the two curvatures. These two predictions are confirmed by Figure 5 , which shows IC curvature versus synchrotron curvature (represented by 1/b IC versus 1/b sy ), and the red solid line shows a perfect one-to-one relation.
As suggested in Section 2, two scenarios can explain the observed correlation between synchrotron peak frequency and curvature. Theoretical predictions of the slope B (in 1/b sy = A + B log ν p ) are B =5/2, 10/3, and 2 for models of energy-dependent acceleration probability, fluctuation of fractional acceleration gain, and stochastic acceleration, respectively. Our observational result B = 2.04 ± 0.03 (see Section 5) is consistent with the stochastic acceleration mechanisms and emission processes.
Some of other evidences seem to support that the electron energy distribution may be log-parabolic. Taking the synchrotron radiation and a three-dimensional turbulent electromagnetic field configuration into account, Nodes et al. (2004) presented numerical simulations of particle acceleration. They found, in a few cases, energy spectral index characterized by a steepening spectra at high energies. Massaro et al. (2006) verified that these spectra can be represented well by a log-parabolic law or by a combination of a power law and a parabola. Cerruti et al. (2013) presented a detailed SED modeling of 3C 454.3 and finds that its GeV γ-ray break could be well reproduced if electron energy distribution is log-parabolic. In order to fit the SED of MeV blazars, Sikora et al. (2002) assumed that electrons are accelerated via a two-step process with a broken power-law energy distribution as injection. Taking the cooling effect into account, Massaro et al. (2006) verified that these resulting electron spectra can be well described by a log-parabola over a range wider than three decades. The log-parabolic law of synchrotron component of SED are also found to be consistent with some empirical relations/correlations (see Appendix for detail).
Summary
The curvature, in addition to peak frequency and peak flux, is the third important parameter to characterize a broadband SED, which may shine out the hidden electron energy distribution, particle acceleration mechanism, energy dissipation mechanism, and many other blazar properties. A larger sample of blazars with high quality SED is needed to check these results in detail, especially for the IC components. We summarize the main results of this paper as follows.
• We found a significant correlation between the curvature (in 1/b sy ) and peak frequency for synchrotron component and no significant correlation between same quantities for IC component. It is also found that the synchrotron curvatures are on average larger than that of IC curvatures, and there is no correlation between the two parameters. This may be caused by complicated seed photon field.
• The difference between spectral indexes above and below the SED peak of 24 blazars (at both high and low states) are calculated (i.e., |α 2 − α 1 |, data from Zhang et al. 2012) . We found a significant correlation between 1/|α 2 −α 1 | and the synchrotron peak frequency. Parameter |α 2 − α 1 | can be considered as a "surrogate" of the curvature. Therefore, this result confirms the correlation between the synchrotron peak frequency and curvature, even provided a broken power-law fit of SED.
• We found that the slop of correlation between synchrotron curvature of peak frequency (B = 2.04 ± 0.03) is consistent with the prediction of stochastic scenario.
• Some of other evidences also seem to support that the electron energy distribution (and/or synchrotron SED) may be log-parabolic, which include SED modeling, particle acceleration simulation, and comparisons between some predictions and empirical relations/correlations.
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